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ABSTRACT

Studies have shown that medicinal plants are a good source of antioxidants and therefore
protect the body against oxidative stress. Cassia angustifolia is a medicinal plant
belonging to the Leguminosae family, represented by more than 350 species. Naturally
growing in Saudi Arabia, Egypt, Yemen, and Pakistan, this plant is a shrub that can grow
up to eight meters tall. When we examined the antioxidant properties of this plant, whose
extract was made in methanol and acetone, it was observed that the methanol extract
(DPPH reducing capacity 571.76 = 13.74 pg TE/mL ext.; TPC: 62.69 +2.88 mg GAE/g
ext) showed stronger antioxidant properties. Looking at the volatile component analysis,
a total of 65 compounds were detected, the most abundant being alcohol and ketone
groups. Among the ketones, the compound with the highest amount detected was d-

camphor (1.541 mg/kg). Among the phenolic components of this plant that we examined,
rosmarinic acid was present in the highest amount in both extracts. The antimicrobial
effect of C. angustifolia on Escherichia coli, Candida albicans, and Staphylococcus
aureus strains was investigated, and it was found to be effective only against E. coli
among these three strains.

INTRODUCTION

Medicinal plants are used as an alternative treatment for diseases due to their therapeutic properties (Sofowora, 1986; Bako
et al., 2005; Al-Tameme et al., 2015). The demand for medicinal plants is increasing because they have fewer side effects
than drugs in treating diseases (Basgel et al., 2006). Because these plants are more readily available than pharmaceuticals,
their use as an alternative to drugs in treating illnesses is steadily increasing (Ernst, 1998). According to many studies,
medicinal plants are a good source of antioxidants (Ashraf et al., 2015). Since they help to cleanse free radicals in the human
body, they protect the body from oxidative stress caused by the excessive production of free radicals and reactive oxygen
species (Saeed et al., 2012). Cassia angustifolia (senna), recognized in British and US pharmacopoeias (Bameri et al., 2013),
is a traditional medicinal plant belonging to the Leguminosae family (Wallis, 2004). More than 350 species of the Cassia
genus are known, most of which are used in the treatment of various diseases (Pellerin et al., 2019; Hennebelle et al., 2009;
Laghari et al., 2011). Native to Saudi Arabia, Egypt, and Yemen, this shrub-like plant, which can grow up to 8 meters tall,
is also widely cultivated in Pakistan for its fruit and leaves (Laghari et al., 2011). Known as senna, it is used in countries in
both East and West, particularly in the treatment of constipation (Balasankar et al., 2013). Furthermore, due to its medicinal
properties, this plant has been recorded in pharmacopoeias in many parts of the world (Hayashi et al., 1980; Kirim et al.,
2026). Used for constipation due to its laxative effect, this plant is also known to be used in the treatment of amoebic
dysentery (Siddique et al., 2010), spleen enlargement, typhoid fever, cholera, and anemia (Parveen and Shahzad, 2011).
Because of its significant laxative properties, it is used in many countries as a tea, as well as in tablet or capsule powder form
(Sun and Su, 2002; Silva et al., 2008). This plant is also known to have significant antiviral, antiparasitic, and antidiabetic
effects on human health (Thaker et al., 2023).

Although the C. angustifolia plant, which has significant health benefits, does not grow in our country, its use is quite
widespread and it can be easily obtained from local herbalists. Therefore, in this study, we aimed to investigate the
antioxidant and antimicrobial effects of the volatile and phenolic components of the senna plant. Although there have been
studies showing these properties of the plant individually, there are not many studies showing them simultaneously;
therefore, we believe that this study will contribute to the literature.
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MATERIALS AND METHODS

Plant Material

The Senna alexandrina Mill. (syn. Cassia angustifolia Vahl.) plant used in our study (Figure 1) was obtained in 2025 from
Egypt through an import company operating in Mardin, in its shade-dried form. The taxonomic identification was reported
using the currently accepted name Senna alexandrina Mill., while Cassia angustifolia Vahl. was retained as a synonym to
facilitate comparison with previous phytochemical and pharmacological literature. The authenticity of the obtained plant
leaves was verified by Dr. Cahit Cegen, a botany expert from Mardin Artuklu University. The plants were carefully packaged
in an airtight manner and stored in a dark environment at room temperature until the analyses were carried out.

Figure 1. Leaf sections of Cassia angustifolia plant used in our study.

Study Chemicals

The chemicals used in our study have a high degree of purity and were selected from Merck Millipore/EMSURE (Germany),
ISOLAB (Germany) and J.T. Baker (USA).

Preparation of Plant Extract

In our study, we sifted the leaves of the C. angustifolia plant, discarded any rotten parts, and then ground them in a mortar
until they became a fine powder. Then, we weighed 10 grams of the powdered leaves and added them to Erlenmeyer flasks.
We added 100 mL of our solvent (methanol/acetone), which is 10 times the weight of the plant, and let it sit for 24 hours at
room temperature in an orbital shaker at 100 rpm. After 24 hours, the solvent-plant mixture was filtered through Whatman
No. 1 filter paper into ground glass Erlenmeyer flasks, and the solvents were removed using an evaporator. The plant extracts
that collected as a thin layer on the glass surface were carefully scraped off with a spatula, weighed, and stored in tubes at
+4 °C until further experiments were conducted (Tawaha et al., 2007).

Determination of Antioxidant Activity and Total Phenolic Content

To determine the antioxidant property of C. angustifolia, a spectrophotometric analysis method was used to determine the
scavenging capacity of 1,1-diphenyl-2-picryl hydrazyl (DPPH Sigma-Aldrich, Germany) free radicals (Osei et al., 2022).
This method was first used by Blois (1958) and later improved by Sanchez-Moreno et al. (1998).

0.3 mL of the plant concentrates, prepared at different densities by halving their concentrations, were taken, 2.7 mL of DPPH
was added, and incubated for 30 minutes in a dark environment at room temperature. After the incubation period was
completed, absorbance values were measured with a UV-VIS spectrophotometer (Biochrom Libra S70). Trolox was used as
a positive control, and each group was studied in three parallels. ICsy values were calculated using the obtained calibration
curves, and the DPPH scavenging activity of the extracts was given as trolox equivalent (TE).

The total phenolic content (TPC) of our plant extracts was determined using the Folin—Ciocalteu method (Capanoglu et al.,
2013). For TPC analysis, 100 pL of each sample was taken, 900 puL of pure water was added, and then 5 mL of 0.2 N Folin—
Ciocalteu reagent was added. This solution was left in the dark for approximately 8 minutes, then 5 mL of sodium carbonate
(Na2COs) was added and vortexed. The absorbance values of the mixtures, which were incubated for 2 hours at room
temperature, were measured with a UV-VIS spectrophotometer at a wavelength of 765 nm. A calibration curve was created
with a gallic acid standard solution to determine the TPC amounts.

Volatile Component Analysis

To determine the volatile components of C. angustifolia, a Shimadzu QP-2020 GC-MS device was used, and the components
were determined by Headspace Solid-Phase Microextraction (HS-SPME) method (Genovese et al., 2015). For this process,
2 grams of the ground plant were weighed into an SPME vial. This vial was kept at 40 °C for 30 minutes, and an SPME
fiber (Supelco, 2 cm) was placed inside the vial and allowed to adsorb at the same temperature for 30 minutes. After the
adsorption was complete, the fiber was kept in the GC-MS injection port at 250 °C for 5 minutes for desorption.
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Chromatographic separation was performed using splitless injection mode with Helium gas at a flow rate of 1.05 mL/min as
the carrier gas. The oven, started at 40 °C, was gradually increased to 240 °C (4 °C/min) and held at this temperature for 6
minutes. At the end of the process, the concentration of volatiles was calculated relatively using isobutyl acetate as an internal
standard. The WONI11 (Wiley 09, NIST 11) library, included in the device's implementation, was used for compound
identification. All similarities in the library were set to at least 75%, and identification was performed with the highest
overlap in component peaks (typically>90%). The RI values of the compounds were calculated by injecting the n-alkane
series (C10—C26) into the GC-MS system under the same chromatographic conditions.

Analysis of Phenolic Compounds

Phenolic compounds of C. angustifolia were determined using a high-performance liquid chromatography (HPLC) system
(Veneziani et al., 2018). Before starting the analysis, plant extracts were passed through a 0.45 pm PVDF membrane filter,
and 20 pL from each sample was taken and injected into a Waters Alliance E2695 HPLC system (USA). Separation was
performed using a reversed-phase C18 column (5 um, 4.6 x 250 mm; GL Sciences, Tokyo, Japan). p-Coumaric acid, caffeic
acid, vanillic acid, and rosmarinic acid solutions were used as standards in the analysis of phenolic components.
Measurements were taken at a wavelength of 280 nm using a photodiode array (PDA) detector (Waters 2996, Milford, MA,
USA), and chromatographic data were evaluated using Empower 3 software. Phenolic compound amounts were calculated
in mg/kg.

Determination of Antimicrobial Effects

To determine the antimicrobial effects of C. angustifolia, one gram-negative bacterial strain (Escherichia coli ATCC 25922),
one gram-positive bacterial strain (Staphylococcus aureus ATCC 25923), and one standard yeast strain (Candida albicans
ATCC 10231) were used. The bacterial and yeast samples were cultured sterilely in Nutrient Broth (Merck), Nutrient Agar
(Merck), Sabouraud Dextrose Broth (Merck), and Sabouraud Dextrose Agar (Merck) media. Erythromycin 15 pg/disk
(Bioanalyse®), Ciprofloxacin | ng/disk (Bioanalyse®), and Nystatin 100 pg/disk (Bioanalyse®) discs were used as positive
controls, and DMSO (20%) was used as a negative control. Using the disc diffusion method (NCCLS, 1997; Saltan et al.,
2018), 10 uL of different concentrations (50, 100 mg/mL) of extracts were absorbed into sterile empty discs with a diameter
of 6 mm (Bioanalyse, Ankara, Turkey). For incubation, bacterial strains were kept in an oven at 37 °C for 24 hours, and
yeast strains at 30 °C for 48 hours. After incubation, the diameters of the resulting inhibition zones were measured.

RESULTS AND DISCUSSION

Antioxidant Activity and Total Phenolic Content

The antioxidant capacity of C. angustifolia was determined using DPPH radical scavenging activity (RSA) and total phenolic
content (TPC) methods, and the results obtained are given in Table 1. The total phenolic content was calculated according
to the gallic acid reference, and the R? value was found to be 0.993, while the DPPH scavenging capacity was calculated
according to the trolox reference, and the R? value was found to be 0.997.

Table 1. Antioxidant capacity of C. angustifolia plant.

Samples TPC (mg/g) RSA (pg/mL) ICso (ng/mL)
C. angustifolia M 62.69 + 2.88° 571.76 + 13.74* 50
C. angustifolia Ac 29.69 +1.27° 11.42 +0.32° 500

Values are presented as mean + SD (n = 3). Different superscript letters within the same column indicate significant
differences according to one-way ANOVA followed by Tukey's HSD test (p < 0.05). M: Methanol; Ac: Acetone

In a study conducted by Ahmed et al. in 2016, the antioxidant properties of C. angustifolia were tested in different solvents,
and the ICso value for DPPH radical scavenging capacity of the methanol solvent, which is common to our study, was
calculated as 2.49 + 0.01 pg/mL, while the ICso value of the acetone solvent was calculated as 3.06 + 0.04 pg/mL (Ahmed
et al., 2016). In the same study, the TPC value of the methanol extracts was calculated as 2.328 = 0.003 mg GAE/g, and the
TPC value of the acetone extracts was calculated as 1.535 + 0.004 mg GAE/g. When we examine the RSA and TPC values
of our study, it is seen that the antioxidant property is high, and among the solvents, the methanol extract shows a stronger
antioxidant effect.

Volatile Component Analysis

The volatile components of C. angustifolia were measured chromatographically, and the chromatogram shown in Figure 2
was obtained.
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Figure 2. Chromatogram of C. angustifolia obtained by GC-MS device.

The volatile components of the leaf parts of C. angustifolia were detected using a GC-MS device, and 65 compounds were
identified. Of these compounds, 14 were alcohols, 7 were aldehydes, 14 were ketones, 10 were acids, 10 were esters, and 10

were terpenes (Table 2).

Table 2. Volatile components of C. angustifolia obtained by GC-MS device.

Compound Name RT RI Amount
ALCOHOLS
1-Penten-3-ol 16.460 1165 0.185
cis-2-Pentenol 23.320 1307 0.129
1-Hexanol 24.507 1337 0.111
cis-3-Hexenol 25.712 1367 0.061
2-Hexyldecanol 27.617 1417 0.040
1,7-Octadien-3-ol 27.934 1427 0.128
1,5-Octadien-3-ol 29.118 1462 0.131
Linalyl formate 31.005 1519 0.179
1-Octanol 31.231 1527 0.113
Camphene hydrate 32.180 1558 1.236
2,6-Dimethylcyclohexanol 33.054 1587 0.146
(S)-cis-Verbenol 34.905 1653 0.090
Benzenemethanol 39.809 1845 0.156
Phenylethyl Alcohol 40.681 1881 0.135
ALDEHYDES
Hexanal 13.016 1099 0.716
2-Hexenal (E) 19.188 1219 0.399
Nonanal 26.156 1378 0.182
2,4-Heptadienal (E,E) 28.636 1447 1.119
p-Cumic aldehyde 37.804 1763 0.133
Obepin 43.568 2008 0.050
Acrolein dimer 37.339 1745 0.153
KETONES
3-Acetylthiophene 14.791 1133 0.182
Sulcatone 24.147 1328 0.759
3-Octen-2-one 26.705 1392 0.028
Acetylfuran 30.037 1488 0.114
3,5-Octadien-2-one 30.368 1498 0.235
d-Camphor 30.496 1502 1.541
6-Methyl-3,5-heptadien-2-one 32.594 1572 0.567
(-)-Carvone 36.619 1717 0.864
4-Acetonylcyclohexanone 36.816 1724 0.264
Nerylacetone 39.365 1826 0.235
4-Heptanone 43.345 1998 0.026
Hexahydrofarnesyl acetone 45.344 2086 0.074
Levoverbenone 36.025 1694 0.140
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Methylethylmaleimide 48.468 2224 0.100
ACIDS
Acetic acid 28.064 1431 0.623
Propanoic acid 30.789 1512 0.201
Isobutyric acid 31.657 1541 0.064
Isovaleric acid 34.511 1639 0.267
Hexanoic acid 38.916 1807 0.479
Heptanoic acid 41.395 1912 0.052
2-Hexenoic acid 41.749 1927 0.068
Octanoic acid 43.741 2015 0.116
Nonanoic acid 45974 2114 0.036
n-Decanoic acid 48.085 2207 0.067
ESTERS
Methyl 3-hexenoate 21.020 1257 0.195
Methyl enanthate 22.157 1281 0.090
5-Heptenoic acid, methyl ester 24.036 1325 0.309
Hepta-2,4-dienoic acid, methyl ester 29.795 1481 0.040
Bornyl acetate 32.339 1563 0.169
Linalyl anthranilate 31.435 1533 0.073
Hexadecanoic acid, methyl ester 47.174 2167 0.033
2(SH)-Furanone, 5,5-dimethyl- 33.285 1595 0.177
4-Hexanolide 35919 1690 0.073
Dihydroactinolide 50.796 2327 0.220
TERPENES
Limonene 17.792 1190 0.646
Eucalyptol 18.464 1204 0.576
trans-Linalool oxide 28.872 1454 0.064
Copaene 29.384 1469 0.079
Caryophyllene 32,715 1576 0.081
p-Cyclocitral 33.484 1601 0.112
Estragole 34.707 1646 0.096
Trans-anethole 38.738 1800 0.190
Farnesan 27.459 1413 0.103
Carvacrol 46.986 2159 0.120

RT: Retention Time (min), RI: Retention Index, Amount: mg/kg dry plant

When the alcohol components are examined, Linalyl formate is found to be the alcohol compound with the highest amount
(0.179 mg/kg). Among aldehydes, 2,4-Heptadienal (E,E) has the highest amount (1.119 mg/kg), while among ketones, d-
camphor (1.541 mg/kg) and Camphene hydrate (1.236 mg/kg) have the highest amounts. Among acids, acetic acid has the
highest amount (0.623 mg/kg), among esters, 5-Heptenoic acid methyl ester has the highest amount (0.309 mg/kg), and
among terpenes, eucalyptol has the highest amount (0.576 mg/kg); however, compounds detected in these groups are
generally found in low amounts.
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Figure 3. Distribution of amounts obtained from GC-MS device according to groups (mg/kg DW)
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Among the volatile component groups of C. angustifolia, the ketone group is present in the highest amount. Among the
ketone compounds, d-camphor (1.541 mg/kg), which we obtained in the highest amount, has traditional medicinal uses such
as improving vascular circulation and relieving pain/itching. However, high exposure to this substance is known to lead to
serious toxic effects (Wojtunik-Kulesza, 2022). Eucalyptol (0.576 mg/kg), the compound we detected in the highest amount
among the terpene groups, is known to be used in plants containing this compound for colds and other respiratory diseases,
gastrointestinal disorders, fever, infections, asthma, rheumatism and skin disorders, as well as in the pharmaceutical industry
(Navratilova, 2024).

Phenolic Compounds

Phenolic components in acetone and methanol extracts of C. angustifolia were qualitatively and quantitatively determined
using chromatographic methods (HPLC) with standard references (Table 3). Rosmarinic acid was detected in the highest
amount among the phenolic compounds examined in both extracts.

Table 3. Amounts of phenolic compounds in C. angustifolia extracts (mg/kg ext.)

Plant Extracts Caffeic Acid Vanillic Acid p-Coumaric Acid Rosmarinic Acid
C. angustifolia A 0.13 0.21 0.22 126.16
C. angustifolia M 0.11 0.21 0.23 115.34

M: Methanol, Ac: Acetone

Rosmarinic acid is an important phenolic acid commonly reported in members of the Lamiaceae family, but it has also been
reported in plants belonging to different families (Guan et al., 2022). In this respect, it is noteworthy that rosmarinic acid
was determined as the dominant compound in C. angustifolia extracts belonging to the Fabaceae family in our study.
Similarly, it has been reported that in species such as Salvia, Melissa, Origanum, Ocimum, and Rosmarinus, which have
high rosmarinic acid content, this compound constitutes a significant part of the total phenolic profile and may be related to
antioxidant/antimicrobial activity (Tohma et al., 2016; Liu et al., 2013). For example, in a study conducted by Tohma et al.
on different Salvia species, it was stated that rosmarinic acid is one of the main phenolic compounds in some species and
that these species show antioxidant and antimicrobial potential (Tohma et al., 2016). Similarly, it has been shown that
rosmarinic acid is one of the main polyphenolic components in Perilla species and can be reliably quantified by HPLC (Liu
et al., 2013). These literature findings suggest that the high rosmarinic acid levels determined in our study may have
contributed to the biological activities of the extracts.

The biological effects of rosmarinic acid are mostly associated with its strong antioxidant capacity, free radical scavenging
properties, and regulatory effects on inflammatory pathways. Recent reviews report that this compound exhibits antioxidant,
anti-inflammatory, antimicrobial, antidiabetic, neuroprotective, and anticancer potential; these effects are particularly linked
to the reduction of oxidative stress, the suppression of inflammatory mediators, and the support of cellular protective
mechanisms (Guan et al., 2022; Azhar et al., 2023). Therefore, the presence of the highest amount of rosmarinic acid in both
extracts in our study can be considered an important phytochemical indicator in explaining the observed antioxidant and
antimicrobial activities of C. angustifolia extracts.

Antimicrobial Tests

In our study, E. coli, S. aureus, and C. albicans strains were used to determine the antimicrobial properties of C. angustifolia,
and the results obtained are given in Table 4.

Table 4. Antimicrobial test results of C. angustifolia plant (mm).

Antibiotic results 1M 2M 1A 2A
E. coli 1 pg Ciprofloxacin/disk  26+0.57  12+0.50*°  10+0.57°  12+1.00* 11£0.57%*
S. aureus 15 pg Erythromycin/disk ~ 28+0.57 - - - -
C. albicans 100 pg Nystatin/disk  25+0.50 - - - -

Values are presented as mean = SD (n = 3). Different superscript letters indicate significant differences according to one-way ANOVA
followed by Tukey’s HSD test (p < 0.05). IM: 100 mg/mL concentration of C. angustifolia extracted in methanol, 2M: 50 mg/mL
concentration of C. angustifolia extracted in methanol, 1A: 100 mg/mL concentration of C. angustifolia extracted in acetone, 2A: 50
mg/mL concentration of C. angustifolia in acetone, “-* : Used to indicate that it showed no effect.

When we investigated the antimicrobial effect of C. angustifolia on E. coli, C. albicans, and S. aureus strains, we observed
that both methanol and acetone extracts formed an inhibition zone against E. coli bacteria at both concentrations. However,
neither of our extracts containing either extract formed any inhibition zone against C. albicans and S. aureus strains at either
concentration (Figure 4).
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Figure 4: Antimicrobial effect of C. angustifolia plant against E. coli, C. albicans, and S. aureus strains.

In a study conducted by Sood et al. (2012), samples of C. angustifolia grown in three different regions were tested at a
concentration of 2000 mg/mL extracted in ethanol and water. In this study, which included the same strains we used,
inhibition zones with diameters between 12 and 14 mm were observed. In our study, similar effects were observed only on
E. coli strains. We believe the difference between the two studies stems from the significant difference in plant concentrations
and the difference in solvents.

In a study conducted by Ahmed et al. (2016), the antimicrobial activities of water, methanol, ethanol, acetone, and ethyl
acetate extracts of C. angustifolia were compared. The researchers reported that among the organic solvents, the methanol
extract exhibited higher antimicrobial activity, while the acetone extract showed no inhibition on C. albicans. Similarly, in
our study, the acetone extract prepared at concentrations of 100 mg/mL and 50 mg/mL showed no antimicrobial effect
against C. albicans. This similarity may be related to the fact that acetone cannot extract the polar phenolic compounds
responsible for the antifungal activity in C. angustifolia as effectively as methanol. However, differences in extraction
conditions, solvent polarity, geographical region where the plant is grown, plant part used, phytochemical composition, and
experimental methods are also important factors that may affect the antimicrobial efficacy of the extracts (Ahmed et al.,
2016).

CONCLUSION

The leaves of C. angustifolia were extracted separately in methanol and acetone, and the differences in antioxidant,
antimicrobial, and phenolic compound amounts due to the difference in solvents, as well as the volatile components of the
plant, were determined using a GC-MS device and revealed in our study. When we examined the RSA and TPC values of
C. angustifolia, it was seen that methanol extracts gave more effective results than acetone extracts. When we looked at the
amounts of phenolic compounds we examined, although the results of both extracts were very similar, the acetone extract
had a slightly higher phenolic compound content. Antimicrobial studies were conducted on E. coli, C. albicans, and S. aureus
strains of C. angustifolia, and it was observed that both extracts of the plant were effective only against E. coli bacteria.
When we examined the volatile components of this plant using GC-MS device, we found that 2,4-Heptadienal (E,E) (1.119
mg/kg) was the most abundant compound among aldehydes, d-camphor (1.541 mg/kg) among ketones, acetic acid (0.623
mg/kg) among acids, 5-heptenoic acid methyl ester (0.309 mg/kg) among esters, and eucalyptol (0.576 mg/kg) among
terpenes.

C. angustifolia plant has been shown to contain volatile components of significant health value, and to possess antioxidant
and antimicrobial properties. Therefore, we believe that more comprehensive studies on C. angustifolia and its effects on
various health issues will make significant contributions to the literature.
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